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(54) SINGLE-CRYSTAL SILICON SUBSTRATE AND ITS MANUFACTURING METHOD 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a single-crystal silicon substrate, which is obtained from a silicon single crystal grown by the 
Czochralski(CZ) method under a crystal- growing condition that does not cause practical difficulties nor impair productivity, can 
reduce the occurrence of crystal defects in a device manufacturing process, and has a proper breakdown voltage, an appropriate 
gettering characteristic after the process, and very few defects near its surface, and to provide a method of manufacturing the 
substrate. 

SOLUTION: This single-crystal silicon substrate is obtained by cutting a silicon single crystal, manufactured by the CZ method. This 
substrate contains nitrogen and carbon at concentrations ranges of 1 X 1013 to 1 X 1016 atoms/cm3, and 5 x 1016 to 1 x 1018 
atoms/cm3, respectively, and crystal defects having diameters of 0.1 u.m or larger a defect rate of 105 defects/cm3 or smaller over 
its whole thickness. 
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(57) [Eft] 

[RH1 *«?Btt. 8lffl±B«*fl*>tt*\ i^Sfe 

aa t>a ^ ± 5 t c z &cc * d *s i> 

t, MS«*ct)SBRi«S^ 1 x 1 0 13 a t oms/cm 
3 fcLhl x l 0 16 a t oms/cm 3 HTt, 
*gg#5x I0 u at oms/cm 3 K±l x 1 0 1B a 
toffis/cm 3 aTt^^ 3 RStgOKtS/I 



1 

y n >*m£ a*> t>m as u/cv' y 3 >»*ss£ffi-c* ^ 

»2tR*<Z>S3iiftg»* 1 x l 0 13 a t oms/cm 
3 Kilxi0 16 atonis/cm 3 HT-C, 
WK#5x 1 0 16 a t oms/cm 3 t(±l x 1 0 ia a 
toms/cm J HTt*D. i£St5£>Stgl¥ 
*±««:*>fcoT, itailfcU-co. l mnH±©ttft^ 

Kan 0 s i/cm 3 «Tt$)?)C<i:^Si^i/'j3 

KftftsV 1 0 9 fi/cm 3 jy±"C*0, 

6 5 m m J: 0 »t»««"C©«B»I»« 5xi0 4 I/c 

[IM^S 3 ] WES/ y 3 >#ttSS«©£ffi/S<&*'& 
5C*JW41BRaffl&Wl x 1 0 17 a t oms/cm 3 HJ: 
6x 10 ,7 a t oms/cm 3 OTt^^il*iilX« 

2«:aioj/y 3>#fSB a B s«o 

[|f ^4] fiSRSrl xlO u atoms/cm 3 W 
±1. 5xi0 ls atoms/cm 3 HT, aoftjR* 
5 x l 0 17 a t oms/cm 3 tU:l xi0 1} atom 
s/cm 3 JMT^nT£i/y =i>iKffi*fflC»T, 
^ * - ffitt: J: D T»/S;3 titcf y n -f > =* * 

h*. *^-r*. wafbrs/y=i>#«aK«iT*c 
[spjsb 5 ] miEs/ y 3 >*sa-r >=f * h 

#*Sg3l±iSffi*V (mm/m in), BkS- 1 
3 0 0°C*rO#6SJiES«i^©^SIff^i2€:G (°C 
/mm) <b U/cB#, V/G (mm J /°C • m i n ) > 
0. 2*«JET4ftfl=T*4Bl5^4IB«<C)S/ya>* 

[0 0 0 1 ] 
[0 0 0 2] 

^ftST-a*^**- (CZ) ffitcJrORJSSniS/ 
y3>mfea»Stctt. KftBIBBaett • p ng^'J- 
^=f$tt- y^^y^^^&to^-fxWttccjBK* 

[0 0 0 3 ] iase % *SftWfiHtt«01/ y 3 

B§{tnws#ttcD 5 %<bmmmwA (tzdb) 



2) ^2 00 1 -2 74 1 6 6 

2 

g r own-i nSOBiW***. cn6©J«©*# 

7 hi LTKffi^tL/fcfecDti, COP (Crystal 
Originated Particle) 

( J. Ryuta, E. Morita, 
T. Tanaka and Y. Shimanu 
ki, Jpn. J. Appl. Phys. 2 
9. LI 94 7 ( 1 9 90) ). Cti^tt, SiKS? 
10 »6iA^n^^SL (vacancy) «i L 

Tiu*fcffijH K) ^&£c<h#ae>ftro£ 0 V 

oronkov^fm^i, V/G#*Sfl (r 

iar^iyrcoptcacSi3tiri>s. 

[0 0 04] cnitil^, V/GtfTcritfiiTKiao 
tcm^t. BjKWW^SaiAStifctST-PJWIR^ ( I n t e 
rstitial) 5 0 MmSffiOlf >f X 

S^y-^wpttt^ks-arsci^tt^nrc^. 
[0 0 0 5 ] tLba^r*fcc^6, SfnSvy^y 

[0006] se^ffiig^nri^copffi^iSiL/ 
(a) ibMrnw^wmtzisEL* <b> h 

30 [0 0 0 7 ] (A) o^Siirtt, *5Fi§¥2 
-2 6 7 1 9 5#5i«3&s*tf 6ft£ 0 cn«. V/G£r 

Grc*>S. L:&>U C©*jSTtt»?-BHIK^*A3n 

-C»SLr< &C>- ^T-2 5 7 9 9 1 

•ci* , v / g % t c n t ttffi tew ffi tc v x m^mm? 

4Ci^cj:0, COP*>K{4^-^4>^*^^C^ffi^ 

40 c o p * s - l t u * 5 /t«) , pm 

[0 0 0 8 ] ( B ) CD^fi* £ Ittt ^^r^PBStJSHm 

-3 4 9 3 9 3^$8*s*S. C^t S3R8B1H1 1/ /c*g 
B B B *t»rSCit' 4 CO Pit ^X^r7 0 n mfilTCCT 
-SiC»5*ffi"C*S. CCDfimz* 6^>^ (150m 
m) ttftcOjBBSWlO^'SnTl****, 
□S{b (8 -T>^ (2 0 0mm) . 12>f>f (300 
mm) ^CJ:-or^ B a B ^^<fj:^ < fc, cco^mx 

50 2^Tl»SJ:5^il*ao^ttHlti&S/c«>, 



3 

waste*. i-349 3 94^&«tt, 

ItcV/G*WSif 5C itt, 

(CO^Sm ^fflWT'^cCl> 0 Sfc, #H§2 00 0 

-7 4 9 8 -^<&$g. #Pi§ 2000-7486 ti* 10 

[0 0 0 9 ] (B) R3R*^Pg*IJiaim©^« 

iiitm^iut. wxtt whvi 1-30 

2 0 9 8^m ESK*:is8flnU a^5l±i£K*<S 

afr , COPt - ^ fe SSE b a c ^ x ^ *5K®ut6 
t$ trCC> So Oj&>U C0Mt(i, *§fi5IJtil£V 

[00 101-S, MlMOSf^-f^OlSiLT 
Elr > & £ C Z ffifc «fc 9 Kit 5 ti S V r J 3 >#*§a**K 

W«:iBR*ffflft^fiSSti4. COKSWffHi***. ^x 
^F*gSWc+#&«?fi£ U/c»&* *?*4 * 7° a -fe ^ 3nc 

h y^$/**y* $v>#tw&. m£mft%k 

[0 0 1 1] x^VX^P-feX^O^^Tttl^ 
[0 0 12] fiiJufi^Ti/cCi^fe, WC^8ffi«i 
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4 

[0013] fieaa^snri^y^ *';>yffi*r«:5Si 

ftfSMiLTJi, «fBBBS5 8-1 9 7 7 1 

6-^&«rett, KI?:l-5xiO J6 atoms/cni 
J «±^j3nTSCi-C, I«3R«fa«:ffiJi3'&i*tt* j a 

laffiffttBHsr* * , y * * y > y«Rptt «ft»T?* £ *> £> 

[0014] 

>3M6a«S^ * t % fv*>f * 7*cz -fe * t?IS»^B * 
aMSStf. WBE£»T*4cfc5&5<'y 3>#MSIS, 

Mtc^-f^^o-fe^accaK&y^ & y >y4ets*w 

[0015] 

[0016] *«HB, ( 1 ) *s*^* 

* * - ffi tc J: 0 Hfi ? ti/c y a >**S«^ 6 w o as L 
/c^> y n >«easfi"c* o-r . i^sk*omsss^ 

1 x 1 0 13 a t oms/cm 3 K±l x 1 0 16 a t om 
s/cm 3 KT^ gfj|P5xl0 16 ato 
ms/cm 3 HJ:l x l 0 18 a t oms/cm'HTt* 

ST? 0 . Um £i±<Dfta^RS ^10 s l/cm 3 «Tt 

^ci ^fit^^> y n >#«§as£. ( 2 ) t= 
/^x^sb/cfuiB^y 3>#»ai«t*-9T, ^ 

\*m^<OXm&&&5* 1 0 4 fi/cm 3 «TT?$)S 

( i ) fetgcDf y ^ >m#sas«. ( 3 ) otes/ y a 

0 ,7 at o ms/cm 3 Ki6x 1 0 17 at oms/c 
m 3 jyTr&£ ( 1 ) Xtt ( 2 ) CcfBtKO^ »J ^ 
aSR (4) lMlxlO l6 atoms/cm 3 
fcUbl. 5xl0 ls atoins/cm 3 «T. 
£5X10 17 atom s/cm 3 £Lh 1 x 1 0 19 a t o 
ms/cm 3 felT^TS'>y=3>a6yR£mc^, ^3 



( 5 ) BUlB-> V ^ -Y > =f 9 h ©W SSfefr* 5 > 

m&M£\±&&*V (mm/m in). 1 300 

m) i L//cB$, V/G (mmV'C • m i n ) £0.2 
^iSt^Mr* 4 ( 4 ) EK©^ ^ >*^»S 

[0017] 

3ifi<tcopit-<x%#iatb/cjg^ ai^o^i^ 

m J: 0 »t>«*fcfi«E-r 4 COP ^^gtKlS 
2 0 mrn'Ofv^^tCto^T, SIJ:0ii5UmJ: 

OP^ 1 O'fi/cm^SitT&ii^t, 
10°/o^ix^ fl — fl5t»ft:S«©SWAtiSjS"C*i^ 

tt, stE(Dai3^«frc^coTcopafa* io s i/ 

um*«©COP«Sft^iBE^tt^i?S^^^l^C 
V/G(mm J A-min) ^0. 2 ) "C, MSI^ 
COP^^bO <£>)Iw^?L£BX 0 jAA,"CJ3EfiT 4 JSSil 

fi#s < ft o / tssEKc cop ffl»»5>a < & d , *o 

<tS(i<!fCOP*8ttfiTrS^ — ^^?SS 

[0 0 19] SSftittgiJCC. S*CD*«:8SttrrS 

Cit'feCOPSSit-fXifiTStiCittnlti'C 



0 ^2 0 0 1 -2 7 4 1 66 

6 

4>fc<U WoCOPSfK* 1 0 5 l/cm 3 HBC 

OP%(S«-rS*ffiS:lS«L/^eiR, SBRiK** 1 ^ 
JCiftlf ^ C i ^ ^ C i Hi L /c e g*#Sfe 

/cJ^COPSg^TltC^o I5«CC, 3*<hK* 

Uc^ctDCOPgg^lTltl^. C<DC±to 

mmtprnzmmtmiNLtcWt'S. cop^> 

Cite, #&4C0P«^Olta^b*©*^4 

[0 0 2 1 ] COPfg^: 1 0 s i/cm 3 «Tm/c 
ACCR* 1 x 1 0 13 a t o m s/cm 3 ai <fc 

20 L< ttSxlO 13 atom s / c m 3 &>±M fln 

U ^M5x 1 0 16 a t oms/cm'Kl. <t 
W£ 7X10 16 atom s / c m 3 J^_h$$tt]T 

SCi«Sr*S. xl0 13 atoms/c 
COPS^ 1 0 s 11/cm 3 £iTtc 
fSta&K:, ^lxi0 1B atoms/cin^S 

5RiftK#5 x 1 0 16 a t oms/cm 3 *i©i|^t 
COPSS^l 0 s i/cm 3 «TtCt^^, 
30 1X1 0 1J at oms/cm 3 ^ilL/ti)]Df 

S*ifiK±IE»l x 1 0 16 a t oms/cm 3 t*l 
OSRflBLhlKtt 1 x l 0 18 a t oms/cm 3 t*^ 

[0 0 2 2 ] a*?, s***2>iSSJ£t±iSJ3n*r4i, a 

s grown (DM3R«m»3&s«*r 4 C <h j&SRKlftl 6 

40 s r o wnS^a^^l^M^o/c, i^S 

^^falB^^JlllL/cti^Ci, as g r o wntFfHdMlt 
>f KDS^ti^c-rS/c*, fi^(Das growntfTdi 

[0 0 2 3 ] CCDJ:^^-> r Jn>#*g B ^S«Cc^/>'>f X 

a* * * ««SR*sBOStff U1«»0«*««: ftotC>6fc 
a6ch^x.6n£ 0 -Sate, K3R#fHi*«e*« 1 0 9 f@/ 

so cm 3 kLt$>£<t, gfe • ^ v #)\/m<D^mt}&m*+ft 



(5) 



tmmzmn%imLtcWr£. mm&i xio i3 atom 

s/cnrJ^Lh. )tin^5x 1 0 lj at oms/c 

[0024]-^ r^-f ^^nHs^^S^frOC^o 
& e Cft£T<£>6 4MB DRAMJ-CO^W^^n 10 

fisft (ftflssas-cfe i i oo c cwt) tssfltctts 

1 0 0 0 °Cr4 0»IHdW8ffli**W/t»^. 

r»»^aj««&^te*ttc>. incest ur, 2- 
013:, ss*ini6cjR5 /Ltmfisisnn^or, mm 

^y-^ISttCCJBBKW^iLSCi^^pfliStii. — flft 30 
»a«Sffi« , r*S2 0mm 2 ^LT, pn8*'J 

5<h, *I*6 5 jumSTCDai30C*Jli"C, 5xl0 4 

«C»««O^B«B:* 5 x 1 0 4 {!/cm 3 tTRcir£C 

[0 0 2 5 ] fcLBDCi*^ f^-fx^a-feXfgtfcfc 

x 1 0 4 fl/c m 3 OTtCL/tV »*ifit^>^R«** 1 

a>4i*&ii*ffi«\ cop«Sfi«wr, ccDct^ 

[0026] COP^l 0 5 iI/cm 3 «Tt't&&<£5& 

S«=fcr>BSRf*fi* 6 x 1 0 17 a t oms/cm 50 
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8 

3 HT, ct f 3KL<«4xi0 17 atoms/cin 3 Jil 

^ ^ffi5 umCDSI3t\ BBR«** S 4 x 1 0 17 a t o 
ms/cm 3 OTr, ^oS3R?fiS^StK»**'DSSCD 

x l 0 17 a t oms/ / 'cm 3 J^±^^<h^WtBaft^ 

[0 0 2 7] ^tc, lilTjf^^^^SB^Ifi© 

[0 0 2 8] lxl0 13 atoms/cm 3 -l 
x 1 0 16 a t o m s/cm 3 ^^^^^^ 
T&fctfHCki:, {BW©KMfo&>6v 3 1 x 
10 u atoms/cm 3 -l. 5xi0 19 atoms 

5Xl0 ls at oms/cm 3 £©tl>T^£nft:t§ 

[0 0 2 9 ] 5xl0 16 atoms/cm 3 —l 
x l o ls a t o m s / c m 3 'j ^ >WSel^f )S 
T4/c260c» % ®Bt©M«*>6, ->y =i>BltiK*K:5 x 
1 0 17 a t oms/cm'JMiORStSasftirSse*** 
£><£ 0 — ^^>MTOS^lx 10 15 ato 
m s / c m 3 ^eiHLT^ft]?n/cli^ l aSRtCiffi< 

[0 03 0] tt*i«**RI^»ftllvfcS/y 3>*|S» 
OWSE^tco^-a*. V/G (mmVC • m i n) 

S<D»£\. V/G (mm 2 /°C • m i n) 3*0. 2fiLfc 

*V F^CPB, IP^C0P^M?n^ o U£>U 

«fb«WE4*tt^HaK»*^**J:^aCOPCctt 
^CjiS L . SSE(DJP*jfi*> 6 tt, 0 . 3 5 ffimm 

^ttpn?»6y-^W14*Sl5fb3*&ft:«>, iiilt 
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[0 0 3 1 ] KT*c**9i©3IJ6W* WTBHBTS 

<> area at*. 

[0 0 3 2] 

(200mm) , 8. 5 — 10. 5Qcmt* 

^x/^fgAT^ci&Ccfco-rtf o/c« ->y:3>fiKffi* 

a^6*fflU/c Q SIJbilKV (mm/mi n) , Bb&~ 
1 3 0 0°C&XOm£Lf&mkJjfa(D^U&mZG CC 
/mm) £L/ci#©V/G*^fb31±S/cak 

[0033] ccwisa*»6^y=i>»*s*ss*woffl 

(S IMS) £JE^T?ffl;£0/c o BBRttS, 
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■«i«sc-ift»itftj*u as*#-co. i 

t^lin^i— telcD s c - i fti*r<D^ y =3 >*i*sg«<z> 
i^^>^a^6*«b/c 0 ate. c©j:5«:ur*a>fc 

JdBfftKtt, SfiSlffi<D£<7re&£#. as grow 

[0034] m{mmE&&zmm-?z>tc&>tc, 1 0 0 

0 6 C k <i£^S*T*Kt£_Bc 2 5 n mCT>y- hKfblSS: 

-e<D±CCJ1^5 0 0 nm. ia20mm J (D^ 
> K - y V y 3 >mS£H/UcM OS^t^>^- 

*j3e«afc*s 0 . iA/cm j <on<D>?- v mtmtcptp 

5¥*WSIM*1 1 MV/c maHSTMO S* t^ % > 

[0 0 3 5 ] i/c, pnS^y-^UtttlMlitite* 

■j", ^y 3>3«SSS«4 1 0 0 o°C. $£MMiS#B^t 
*-CfiSKBKb*?Tl\ 'J>^5xl0 15 /cmWt> 
b/cf£&C, 1 0 0 0U 3 0 »(DfflR»H«.T F ^ 

t\ py >^ms^i5gLT, png^^t-F 

fcffrKbft:. ^SS«2 0mm 2 t', 8-Y>^ (2 0 
0mm) SfC[)ffirt}(:5 4 7#J^Mb/c 0 fffffi^ 
M?S^cr, 3!>^7X*E£3 0 VEPJJPU 

30 .M$iL/fc. WfB*S**J:b««fc#«&t:*iK:7Rr. 

[0 0 3 6 ] 

■[an 
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v 1 ) * >m%L* 


V 'J a V r>;n;\rfi 




as grown ^.x^ ' 






v/C 
















| atoms/cm^ 


|mmV^Cmtn] 


(atoms/ctn*l 


I atoms/cm 3 ] 


[ztonis/ctti* | 




\ 






5.00E+17 


0.1 


1.00E+13 


5.00E+16 


8.00E+ 1 7 


<le4 


98 


90 




7.D0E+I7 


0.1 


5.00E+13 


7.00E+16 


8.00E+17 


<1e4 


96 


90 


it SKf»l 


0 


0.2 


0 


0 


8.00E+17 


7.40E+06 


20 


100 




7.00E+17 


0.2 


0 


7.00E+16 


8.00E+17 


2.80E+05 


62 


100 




0 


0.2 


5.00E+13 


0 


8.00E+17 


1.30E+05 


55 


too 




1.00E+17 


0.2 


1.00E+I2 


1.00E+16 


8.00E-M7 


4.10E+05 


42 


100 




5.00E+I7 


0.2 


1 .00E+12 


5,00E+16 


8.00E-f 17 


4.20E+05 


35 


100 


lt$2W 


7.00E+17 


0.2 


1.00E+12 


7.00E+16 


8.00E+1 7 


2.30E+05 


74 


100 




1.0OE+17 


0.2 


I.00E+13 


1.00E+16 


4.00E+17 


6.50E+05 


67 


100 




5.00E+17 


0.2 


I.00E+13 


5.00E+16 


4.00E+1 7 


3.50E+O4 


96 


100 




7.00E+17 


0.2 


I.00E+L3 


7.00E+16 




<le4 


99 


100 


Jt"KW 


I.00E+17 


0.2 


I.00E+I3 


1.00E+16 


8.00E+17 


2.30E+05 


75 


100 




5.00E+17 


0.2 


1.00E+13 


5.00E+16 


8.00E+17 


4.80E+O4 


93 


100 ! 




7.00E+17 


0.2 


1.00E+13 


7.00E+16 


8.00E+17 


<lc4 


100 


100 


ttm\ 


1.00E+17 


0.2 


5.0OE+13 


1.00E+16 


8.00E+17 


8.40E+05 


82 


100 


-zmi 


5.00E+17 


0.2 


5.00E+13 


5.00E+16 


8.00E+17 


<lc4 


94 


100 




7.0OE+17 


0.2 


5.00E+13 


7.00E+16 


8.00E+17 


<lc4 


98 


100 




5.00E+17 


0.3 


1.00E+13 


5.00E+16 


8.00E+17 


1.3QE+04 


95 


100 




7.00E+17 


0.3 


5.00E+13 


7.00E+I6 


8.00E+17 


<le4 


100 


| 100 



[0 0 3 7 ] CCT' Tl e4j itt, riE + 04j (0 

[0 0 3 8 ] S3R*«g#l x 1 0 13 a t om s/cm 3 
£LL 3&>oK3R«BE*S5x 1 0 16 a t om s/cm 3 « 

*MISE<D£tt*tf9 0%«±iaSfr'^^?c D 
2fR«fiKj&si X10 ,3 at oms/cm 3 HJ:«| 
SP5.xi0 u atoms/cm 3 Hi S&tcSSi 
j*fi#5 x 1 O 13 a t om s/cm 3 HJ:^lHig| 
«S*S7 x 1 0 16 a t oms/cm 3 HJ:til)«>0 
tt, *««K#9JETIEffi^** 1 0 4 ffl/cm s «T-C 
£>9> n a pM^tcmfT^^/c 0 SHRiftBWl x 1 0 
13 a t oms/cm 3 *^ *StM«9R»K#5 x l 
G u atoms/cm 3 *i©<)W ^Pfifflgrt* 1 0 5 
ffl/cm J fi<ttt!K BK tl»j£CD^t&^& 9 0 %*SB 



o/c„ V/G (mmV'C • m i n) ^0. 1 (D<b<D 
tKXffitiL&l 0'i/cm 3 OTt*l BMfcRilitJE 

Vcnx&'p& o fc© tt . Kffi^ - 0 T I > tote si> 

[0 0 3 9 ] (^Sfe^l2) ^';=3>^ H B H CD^I#±^. 
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